INTRODUCTION
Bronchiolitis obliterans syndrome (BOS) is a chronic graft-versus-host disease (cGVHD) of the lung that develops after allogeneic hematopoietic stem cell transplantation (allo-HSCT). BOS is diagnosed either histologically or clinically by demonstrating a new-onset airflow obstruction on a pulmonary function test (PFT) or mosaic patterns that forecast air trapping on high resolution computed tomographic images. [1] [2] [3] BOS was historically thought to be a rare disease. However, various recent reports have shown that the prevalence of BOS is actually higher than previously reported and that BOS causes a deterioration of affected patients' quality of life and is associated with a higher mortality rate. 2 Thus, the achievement of an early stage diagnosis by making meticulous observations of patients with a risk factor for BOS and identification of an effective Outcome of Bronchiolitis Obliterans Syndrome treatment modality are becoming increasingly imperative. Allo-HSCT and cGVHD are well-known risk factors for BOS. 4 These conditions are included in the diagnostic criteria for BOS and it may not be appropriate to consider them again as other risk factors. [1] [2] [3] 5 Other risk factors are peripheral blood-derived stem cells, busulfan-based conditioning regimens, a >14-month interval from diagnosis of leukemia to transplantation, female donor to male recipient transplantation, prior interstitial pneumonitis and an episode of moderate-to-severe acute GVHD (aGVHD). 5 However, previous studies have shown different results regarding these risk factors. Furthermore, studies reported before 2005 did not use consistent diagnostic criteria, therefore, the acceptance of those results is limited. [6] [7] [8] [9] [10] [11] [12] [13] [14] The goal of the present study included analysis of the prevalence, clinical features, risk factors and prognostic factors of BOS using modified National Institutes of Health (NIH) criteria 1 in patients who had undergone allo-HSCT at Yeouido St. Mary's Hospital, Seoul, Republic of Korea.
MATERIALS AND METHODS

Subjects
This investigation involved a retrospective review of the medical records of patients who survived for ≥100 days after their first transplantation among those who had undergone allo-HSCT at Yeouido St. Mary's Hospital, Seoul, Republic of Korea from January 2002 to December 2008. Clinical data associated with allo-HSCT of all enrolled patients were collected. Approval was obtained from the Institutional Review Board of Seoul St. Mary's Hospital. The requirement for informed consent was waived by the ethical review board.
The diagnostic criteria for BOS were as follows: 1) In patients who underwent lung biopsy, exhibition of fibrogenic deposition in the small airways or the bronchioles satisfied the diagnostic criteria for BOS, 2) In patients who did not undergo lung biopsy, presence of cGVHD in other organs and the following PFT diagnostic criteria of the modified NIH criteria 1 were to be satisfied for a diagnosis of BOS: (1) forced expiratory volume in 1 s (FEV1) of <75% of predicted or decreased of the FEV1 by 10% in comparison to the pretransplant value, (2) FEV1/forced vital capacity (FVC) of <70%, (3) residual volume (RV) or RV/total lung capacity (TLC) >120% of predicted, and (4) evidence of air trapping on high-resolution computed tomography (HRCT). Patients who satisfied the diagnostic criteria but had not developed an active infectious disease were categorized as having BOS.
Pulmonary function testing
The results of the PFTs from Yeouido St. Mary's Hospital were obtained. Pretransplantation PFTs were routinely performed for all patients before performing allo-HSCT as a part of the protocol. Post-transplant PFT results were evaluated for patients with unexplained respiratory symptoms such as significant dyspnea on exertion, decreased exercise tolerance, and a persistent nonproductive cough for ≥100 days after undergoing HSCT.
Radiologic examination
HRCT scans during deep inspiration were obtained throughout the entire thorax with 1.5-2 mm thick axial sections at 1 cm intervals; they were reconstructed using a high spatial frequency algorithm. The tube current was 240 mA at a voltage of 120 kV. Expiratory scans were obtained at the levels of the aortic arch, midway between the aortic arch and the trachea carina, in the tracheal carina, midway between the tracheal carina and the right hemidiaphragm, and 1 cm above the right hemidiaphragm. The reading of HRCT was performed by one radiology specialist (Jung JI [15] [16] [17] [18] [19] [20] ). During the analysis of each CT examination, the inspiratory images were reviewed before the expiratory images. The expiratory HRCT images were assessed for the presence and lobar distribution of decreased lung attenuation. Mosaic patterns on HRCT indicative of air trapping satisfied the diagnostic criteria for BOS that concur with the modified NIH criteria for BOS. This study used the results of tests performed ≥100 days after transplantation.
Clinical variables
The stem cell source was classified into bone marrow, peripheral blood, or bone marrow plus peripheral blood. Three patients whose stem cell source was cord blood were excluded from analysis. Disease risk at the time of transplantation was classified into two groups. The criteria for high risk included 1) acute leukemia beyond the first remission, 2) chronic myelogenous leukemia beyond the first chronic phase, 3) high-risk myelodysplastic syndrome (International Prognostic Scoring System ≥intermediate-2), 4) multiple myeloma and lymphoma with chemoresistance, or 5) aplastic anemia with a history of immunosuppressive treatment and/or a longer duration of disease infliction (≥3 years) before the transplantation. 21 The donor match status was determined by the donor-recipient's human leukocyte antigen (HLA)-A, -B, -C, and -DR status.
With respect to aGVHD, this study included patients in whom aGVHD had been demonstrated histologically or radiologically within 100 days after transplantation and those with aGVHD that was clinically distinctive and underwent treatment appropriate for the diagnosis.
The date of disease diagnosis was considered to be the date of diagnostic confirmation by bone marrow biopsy. The date of BOS diagnosis was considered to be the date of completion of all tests needed to fulfill the modified NIH criteria.
BOS stage
The stage of BOS was classified by FEV1 and maximal mid expiratory flow rate (MMEFR, FEF25-75). 22 The BOS stages are classified as follows: BOS 0=FEV1 >90% of baseline and MMEFR >75% of baseline; BOS 0-p=FEV1 81% to 90% of baseline and/or MMEFR ≤75% of baseline; BOS 1=FEV1 66% to 80% of baseline; BOS 2=FEV1 51% to 65% of baseline; and BOS 3=FEV1 50% or less of baseline.
Statistical methods
All statistical analyses were performed using PASW Statistics, version 17 (SPSS Inc., Chicago, IL, USA). Differences between groups were assessed using the chi-squared test or Fisher's exact test for categorical variables and Student's t-test or the MannWhitney U test for continuous variables, as appropriate. Binary logistic regression was used to analyze risk factors for BOS. Paired t-tests were performed to compare changes in PFT results after allo-HSCT in patients with BOS. Correlation between days from transplantation to diagnosis of BOS and lung function at diagnosis was analyzed by Pearson's correlation test.
Analysis of overall survival in patients with BOS was based on the Kaplan-Meier method. Differences between survival curves were estimated using the log-rank test. Cox regression was used to identify variables with independent prognostic significance. p values of <0.05 were considered to indicate statistical significance.
RESULTS
Patients' characteristics
Of 976 patients who underwent their first allo-HSCT from Janu- 25) 178.00 (137.00-297.00) 0.748 BOS, bronchiolitis obliterans syndrome; AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; ABL, acute biphenotypic leukemia; CML, chronic myelogenous leukemia; MDS, myelodysplastic syndrome; AA, aplastic anemia; MM, multiple myeloma; ABO, ABO blood group; HLA, human leukocyte antigen; BM, bone marrow; PB, peripheral blood; TBI, total body irradiation; CS, cyclosporine; MTX, methotrexate; GVHD, graft-versus-host disease. Data are expressed as median (interquartile range) or numbers (%).
Outcome of Bronchiolitis Obliterans Syndrome ary 2002 to December 2008, 113 died within 100 days after transplantation and were excluded from this study. Three patients whose stem cell source was cord blood were also excluded. The characteristics of the remaining 860 patients are listed in Table 1 . The mean patient age was 35 years. Of all 860 patients, 560 (65%) received transplants from sibling donors and 738 (86%) received transplants from HLA full-matched donors.
The overall prevalence of BOS among patients who survived for ≥100 days after transplantation was 4.2% (36/860). Two of thirty-six patients were diagnosed by lung biopsy. Patients were largely diagnosed from 300 to 700 days after transplantation.
The duration of time from transplantation to BOS diagnosis was 466.00 (284.00-642.75) [median (interquartile range)] days. 
Risk factors for BOS
Clinical characteristics of BOS
The changes between the pretransplant PFT results and PFT results at the time of BOS diagnosis are summarized in Table 4 . PFT variables such as FVC, FEV1, FEV1/FVC, and carbon dioxide diffusion in the lung (DLCO) decreased significantly (p<0.001). RV and the ratio of RV to TLC (RV/TLC), which are markers of air trapping, increased significantly (p<0.001). Most patients were diagnosed with BOS in an advanced state. Among 36 BOS patients, 2 (5.6%) patients were stage 0, 4 (11.1%) patients were stage 1, 4 patients (11.1%) were stage 2, and 26 (72.2%) patients were stage 3. There was no significant correlation between days from transplantation to diagnosis of BOS and FEV1 (%) at diagnosis of BOS.
Survival analysis of BOS
Patients with BOS were treated mainly by immunosuppressive agent (systemic corticosteroids, tacrolimus, cyclosporine, and mycophenolate mofetil). For patients with severe dyspnea symptom, inhaled corticosteroid plus long acting bronchodilator was added. Sixteen of the thirty-six patients who developed BOS died. Eleven of these sixteen patients died of BOS-associated causes. There was no significant difference in the survival rate between patients with and without BOS (p=0.074) (Fig. 1A) .
However, the survival curve was crossed on day 554 after transplantation. A significant difference in survival was observed in the subgroup analysis of patients who survived for >554 days (p<0.001) (Fig. 1B) . Patients with BOS showed a continuous occurrence of death compared with patients without BOS. Nevertheless, a plateau was observed in both groups. Interestingly, the plateau occurred earlier in patients with than without BOS (day 1440 vs. day 1862, BOS vs. non-BOS, respectively).
Univariate and multivariate analyses were performed to identify prognostic factors associated with the survival of the 36 patients with BOS. In univariate analysis, neither BOS severity nor FEV1/FVC at diagnosis of BOS were not significant factors associated with survival. The significant risk factors associated Time from HSCT to diagnosis of BOS (days)
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DISCUSSION
In this study, we analyzed the prevalence, risk factors, clinical features, and survival-associated factors of BOS among patients who satisfied the modified NIH criteria 1 proposed in 2009. The prevalence of BOS among patients who survived for ≥100 days after allo-HSCT (n=860) was 4.2% in this study. This result is compatible with that in a previous report by Au, et al., 23 which showed that the overall prevalence of BOS for all patients undergoing allo-HSCT (n=1145) was 5.5%. Both studies used modified NIH criteria 1 to define BOS. The small difference in prevalence may have been caused by the use of different PFT strategies. In their study, PFTs were performed regardless of the presence of symptoms 1 year after transplantation. In our center, however, PFTs were performed only in patients with clinical symptoms which led to the exclusion of clinically asymptomatic patients with BOS. Thus, the prevalence rate of BOS in the present investigation should represent that of relatively advanced, symptomatic post-transplantation BOS. Actually, most patients were diagnosed in the advanced stage of BOS (stage 3) in this study. Compared with previous study, 23 lung function of patients in this study is lower. Mean FEV1 (%) in this study was 40.25%, while median FEV1 (%) was 59% in previous study. Interestingly in this study, however, there was no significant correlation between days from transplantation to diagnosis of BOS and FEV1 (%) at diagnosis of BOS.
We compared the results of PFTs (spirometry, lung volume, and DLCO) before and after diagnosis of BOS. This comparison was possible because we routinely perform PFTs, including lung volume and DLCO, before HSCT. The FVC, FEV1, and FEV1/FVC were significantly lower after than before HSCT. Increases in the RV and RV/TLC were also observed. These results correspond to the development of obstructive lung disease. The PFT results at the time of diagnosis of BOS in this study showed a pattern similar to that in the above-mentioned study by Au, et al. 23 However, much higher degree of air trapping was observed in this study. This may have been due to the fact that we did not routinely perform PFTs after transplantation. Thus, patients with early mild symptomatic BOS may have been missed or their diagnosis may have been delayed until the advanced stage.
Many previously reported risk factors for BOS 4, 5 were not found to be statistically significant in this study. Only peripheral blood as the stem cell source was a significant risk factor for the development of BOS in this study. The reason for this discrepancy remains unclear.
Two previous studies reported that peripheral blood as the stem cell source is a risk factor for BOS. 5, 24 Although the reason for this has not been elucidated, cGVHD is more common in patients who have undergone peripheral blood stem cell transplantation than in patients who have undergone bone marrow transplantation. BOS, which is one type of cGVHD, is thus believed to be more common in patients who have undergone peripheral blood stem cell transplantation.
In previous reports, cGVHD was analyzed as a potential risk factor for BOS. However, the present study applied stringent diagnostic standards for BOS. Patients without cGVHD in other organs were excluded. Thus, we did not analyze cGVHD as a risk factor for BOS because it was already included in the diagnostic criteria.
A low FEV1/FVC, which denotes pretransplant airflow obstruction, has been reported as a risk factor for airway obstruction after transplantation. 11, 13 However, Au, et al. 23 reported that a lower baseline FEV1/FVC is not a significant risk factor for the development of BOS. In the present study, we also found no significant relationship between the pretransplant PFT findings and development of BOS; rather, the pretransplant FEV1/FVC was a significant prognostic factor for BOS. Further studies re- garding the effect of pretransplant PFT findings on the development and prognosis of BOS are mandatory.
No difference was observed in the overall survival rate between patients with and without BOS (p=0.074). However, the overall survival rate of patients with BOS 554 days after transplantation was significantly lower than that in patients without BOS (p<0.001). This suggests that, ultimately the prognosis after 554 days was poorer in patients with than without BOS. A poorer prognosis among patients with than without BOS has been reported. 23, 24 Additionally, cGVHD is generally the leading cause of long-term mortality following allogenic HSCT. [25] [26] [27] The implication of these findings is that BOS, which is a type of cGVHD, may increase the long-term mortality rate.
In this study, a decreased pretransplant FEV1/FVC and shorter duration from transplantation to diagnosis of BOS were poor prognostic factors in patients with BOS. A poor prognosis of early onset BOS was also reported in lung transplant recipients. 28, 29 Our result is compatible with those of previous studies. Unfortunately, a few studies reported shorter duration from transplantation to diagnosis of BOS as a poor prognostic factor in HSCT recipients. The reason for the poor prognosis of early onset BOS has not been elucidated, and further studies are necessary. A poor prognosis of early onset BOS implies the need for early diagnosis through continuous PFTs as well as early and intensive intervention. To our knowledge, this is the first report to show that a low pretransplant FEV1/FVC is a poor prognostic factor for BOS. BOS is a cGVHD with airflow obstruction as the principle mechanism. Thus, FEV1/FVC, which is marker of airway obstruction, may be related to a poor prognosis. Further studies are needed to explain our result.
This study had two limitations. First, it was a retrospective study of medical records. Thus, possible selection bias may have occurred and some data may have been missing. However, we analyzed all consecutive transplantation patients without selection. Thus, there was little selection bias. Moreover, HSCT is performed according to a standardized protocol in our center. All information regarding transplantation was prospectively collected and routinely stored. Thus, there was little chance of missing data despite that fact that this was a retrospective review. Second, evaluations for BOS were performed only in symptomatic patients. Thus, unrecognized and undiagnosed cases of BOS may have been missed. Patients with BOS characterized by a mild degree of airflow obstruction may not have been identified. Further studies using routine PFT follow-up after transplantation regardless of symptoms are needed to overcome this limitation.
In conclusion, peripheral blood as a stem cell source is a risk factor for the development of BOS. A decreased pretransplant FEV1/FVC and shorter duration from transplantation to diagnosis of BOS are poor prognostic factors for BOS.
